Abstract The demands established in the rules and regulations by the administration in Catalonia seem to exclude small communities from wastewater reclamation and reuse, due to the comparatively high costs associated with the practice at small scale. In the framework of the DRAC project (Demonstration on Wastewater Reclamation and Reuse in Catalonia) two different pre-treatment systems, one extensive (infiltration -percolation) and another intensive (ring filter), each one followed by chlorine dioxide disinfection, were tested in order to be applied for small communities wastewater reclamation and reuse. The results of this study show that infiltration -percolation systems remove very efficiently physico-chemical contaminants and microorganisms. The ring filter system does not show a significant removal rate of contaminants. The use of infiltration -percolation as a pre-treatment for advanced chemical disinfection allows reducing the dose of disinfectant and the contact time needed to achieve a specific water quality, and diminishes disinfection byproducts (DBPs) generation. Therefore, this reclamation line is suitable for small communities due to its efficiency and low cost. However, further studies are needed in relation to the removal mechanisms of microorganisms, organic compounds in IP systems and the possible DBPs formation using chlorine dioxide.
Introduction
In the Mediterranean region, wastewater reclamation and reuse has to be integrated in the planning and development of water resources in an appropriate and sustainable way. Due to the conditions and demands established in rules and regulations by the administration in Catalonia, small communities seem initially to be excluded from this possibility, due to the comparatively high costs associated with that practice at small scale. Nevertheless, the scarcity and drought conditions generate a need in rural or small urban areas for reusing even small amounts of reclaimed water.
Usually, wastewater reuse requires disinfection of reclaimed water, except for some extensive treatment systems capable of guaranteeing an adequate quality for specific uses. Nowadays, the most common wastewater reclamation systems are based on conventional technologies, including disinfection, based on chemicals' use or alternative physical systems, like UV (Jacangello and Trussell, 2002) . Chemical disinfection systems require an appropriate water quality, in order to minimize disinfection by-products (DBPs) generation. DBPs are of great concern because of their potential impact on public health and the environment. Extensive treatment systems are mainly low-cost, easy to operate and maintain, and can be the most appropriate technologies for wastewater reclamation for small communities. Those systems would provide water with a quality suitable for further advanced disinfection technologies, thus being useful as a pretreatment for disinfection.
The framework of this study was the DRAC project (Demonstration on Wastewater Reclamation and Reuse in Catalonia), a research consortium with the participation of universities (University of Barcelona and University of Montpellier II), private companies (AGBAR, Searsa) and the administration (Government of Catalonia). The aim of one stage of the DRAC project was to evaluate the efficiency/suitability of different filtration systems as pre-treatments for disinfection technologies capable of guaranteeing an effluent with enough quality to be reused. Among others, two different pre-treatment systems, one extensive (infiltration -percolation) and another intensive (ring filter), each one followed by chlorine dioxide disinfection were tested. Chlorine dioxide was chosen because, despite the higher costs, it has proved to be more effective in achieving inactivation of viruses than chlorine, and does not react with ammonia to form the potentially toxic chlorinated DBPs (Metcalf and Eddy, 2003) .
Material and methods
The study was carried out in the Vall-Llobrega WWTP, located in Girona, Spain. The WWTP is an activated sludge facility that serves several municipalities in a summer tourist area, with 32,000 inhabitants in winter and up to 60,000 during the peak of the summer season. Part of the secondary effluent from this WWTP was reclaimed by using an extensive pre-treatment (infiltration-percolation) and an intensive pre-treatment (ring filter) working in parallel. The pre-treatment systems were followed by a chlorine dioxide disinfection technology. The main characteristics of the systems are the following: 
Intensive filtration system
Ring filter (RF): two filtration modules in series: first module with two filters, theoretical pore size 15 mm^10 -15%; second module with three filters, theoretical pore size 25 mm^10-15%. Maximum flow 12-13 m 3 /h.
Disinfection system
Chlorine dioxide (ClO 2 ): the pilot has a 1 m 3 reactor, a homogenization tank and a ClO 2 generator. Preliminary tests were performed to determine the minimum dose required and the minimum residual ClO 2 , while trying to maintain the disinfection throughout the time. The ClO 2 dose applied for the IP system was 3 ppm, and for the RF was 8 ppm, with a contact time of 10 minutes and a flow rate of 1 m 3 /h. Physico-chemical and microbiological parameters were determined at the inlet and outlet of each filtration system and the outlet of the disinfection system. The analysis was performed according to the Standard Methods (APHA, 2000), with some exceptions; bacteriophages determination and enumeration were performed according to the ISO standards (ISO 1995 and 2000) ; Giardia and Cryptosporidium determination were performed according to the EPA standards (EPA, 2001) , volatile organic compounds (VOCs) analyses were performed by closed loop stripping analysis (CLSA), a method developed by Grob (1973) . The CLSA extracts were further analyzed by GC/MS. The particle count analysis was performed following the indications of the particle counter model manufacturer (Hiac Royco Pacific Scientific 8000, sensor HRLD-150 and sampler 3000 A).
Results and discussion
The main results obtained for the physico-chemical parameters are presented in Table 1 , 2 and 3. In relation with organic matter, the IP system shows an average removal percentage 56.7% for the TOC and 35.9% for the COD (Table 1 ). The BOD 5 of the final effluent was always below the detection limit. The IP system is able to reduce organic matter because it works mainly as an aerobic biological reactor (Brissaud et al., 1991; Auset, 2002) .
The removal of N-TKN and N-NH 4 was of an average of 51.42% and 58.44%, respectively, showing the high nitrification rate in the IP system, due to the aerobic biofilm inside the filter. The content of P-PO 3 does not show any important variation. Note: m/z is the base peak of its mass spectrum, n.i.: non identified
The IP system has an average percentage of TSS removal of 66.3% and turbidity has diminished 95.6%. The particle count results show an almost total elimination of particles with a diameter from 1 to 130 mm (Figure 1 ). This result proves the high efficiency of the IP system as a filter.
The IP show a high percentage of removal for different VOCs ( Table 2 ). The system removes efficiently a major number of antioxidants, musk compounds and different miscellaneous compounds present in the secondary effluent. This great efficiency can be associated with the high wastewater retention time in the biofilter, thus improving the adsorption mechanisms. Nevertheless, it is necessary to study in depth the removal mechanisms of the organic compounds.
Regarding microbiological parameters, IP did show a high disinfection efficiency (Table 3 ). The removal of fecal coliforms was 2.64 mlog, for somatic coliphages 2.28 mlog, and for F-specific bacteriophages 2.38 mlog. Giardia sp. and Cryptosporidium sp. contents in the final effluent were always below the detection limit. The results obtained in the particle counts compared with the microorganims size, confirm the importance of filtration and adsorption mechanisms in the disinfection efficiency of the IP system (Figure 1 ). Unsaturated hydraulic conductivity and the air-water interface produce the greatest effect on the fate and transport of viruses in unsaturated media (Faulkner et al., 2003) .
The RF system did not show significant removal of TOC and BOD 5 , although a COD removal of 37.2% was stated (Table 1) . The RF presents a 25.5% reduction of TSS. The RF does not influence ammonia transformation; consequently, there are almost no nitrates in the effluent. Figure 1 Particle size removal of infiltration -percolation and ring filter systems
The particle count results show an almost total elimination of particles with a diameter of more than 25 mm, as expected from the design characteristics of the RF system (Figure 1 ). There is also a slight elimination of particles with a diameter of less than 25 mm due to the attachment effect to large particles. The low reduction of turbidity (18.1%) is due to the fact that this parameter is mainly influenced by small particles' content, the ones less removed in the RF system.
Regarding the VOCs, the RF does not eliminate significantly either the antioxidants or the most common polycyclic compounds (galaxolide and tonalide), musk compounds, and miscellaneous compounds ( Table 2 ). The RF system does not remove the microorganisms evaluated at a significant rate (Table 3) .
The application of ClO 2 decreased the content of microorganisms from both IP and RF systems, although the dosage and the contact time of ClO 2 needed for achieving this disinfection were lower in the case of the effluent from the IP system. Consequently, the combination of IP þ ClO 2 generates less DBPs and reduces reagent costs. However, the environmental impacts associated with the use of chlorine dioxide as a wastewater disinfectant are not well known (Metcalf and Eddy, 2003) . There is a slight reduction of VOC content after chlorination. Oxidative processes such as chlorination are effective for reducing the concentration of several classes of microcontaminants. Macrolide and sulfonamide antibiotics as well as estrogens and phenazones are readily oxidized by ClO 2 although removal efficacy is a function of the contaminant structure and oxidation dose. However, many compounds did not react at an appreciable rate with ClO 2 (Pinkston and Sedlak, 2004; Huber et al., 2005) .
It has to be noticed that the quality of the final effluent from the IP þ ClO 2 reclamation train complies with the draft of the Spanish regulation for wastewater reuse for most of the uses (AEAS, 2005) .
Conclusions
Based on the results of this study, the following conclusions can be drawn. † The infiltration-percolation system removes very efficiently organic matter, nitrogen compounds, TSS, VOCs and microorganisms (bacteria, viruses and protozoa) . This great efficiency could be attributable to the filtration and aerobic degradation mechanisms. † The ring filter system does not show a significant removal rate for physical-chemical contaminants and microorganisms removal. † The use of infiltration-percolation as a pre-treatment for advanced chemical disinfection allow to reduce the dosage and the contact time needed to achieve a specific water quality, and diminishes the production of DBPs. The infiltration-percolation system is a low cost and easy to operate and maintain technology that improves the quality of a secondary effluent in order to apply afterwards a disinfection system. This reclamation line is suitable for small communities due to its efficiency and low cost. However, further studies are needed in relation to the removal mechanisms of microorganisms, organic compounds in IP systems, and the possible DBPs formation using chlorine dioxide.
